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1
WATER HEATER

BACKGROUND OF THE INVENTION

Field of the Invention

The present mvention relates to a water heater and par-
ticularly to a water heater of a latent heat recovery type
capable of heating water by recovering latent heat of com-
bustion gas.

Description of the Background Art

In replacement of an already placed tank water heater
with an instantaneous water heater, there are locations where
an already placed exhaust pipe (a B vent) cannot be removed
from a point of view of maintaining appearance of buildings.

At such a location, a water heater can be replaced by
leaving the already placed exhaust pipe and inserting an
exhaust tube (a flexible exhaust tube) in the exhaust pipe.
The exhaust tube should be smaller 1n diameter, because the
exhaust tube cannot be placed 1n the exhaust pipe if the
exhaust tube has a large outer diameter. In order to maintain
a stable combustion state even when the exhaust tube 1s
decreased in diameter, an exhaust suction and combustion
system should be adopted for a water heater.

A water heater adapted to this exhaust suction and com-
bustion system 1s disclosed, for example, 1n Japanese Patent
Laying-Open No. 60-186617. In the water heater described
in this publication, a heat exchanger for recovering sensible
heat, a heat exchanger for recovering latent heat, and a fan
are arranged 1n this order on a downstream side 1n a flow of
combustion gas produced 1n a burner. Namely, 1n the water
heater of this type, the fan 1s arranged downstream of the
heat exchanger for recovering latent heat in the flow of
combustion gas.

Since the fan 1s arranged downstream of the heat
exchanger for recovering latent heat in the water heater
adapted to the exhaust suction and combustion system, air
(outside aitr) 1s taken in from the outside of the water heater
through a discharge pipe for discharging drainage water. A
direction of flow of air in this discharge pipe 1s reverse to a
direction of discharge of drainage water through the dis-
charge pipe. Therefore, disadvantageously, drainage water 1s
less dischargeable through the discharge pipe to the outside
of the water heater but 1s likely to stay in the heat exchanger
for recovering latent heat.

Even though a water-seal structure capable of cutting ol
intake of outside air owing to drainage water being stored 1s
adopted 1 a drainage water discharge path such as the
discharge pipe above, air 1s taken 1n from the outside of the
water heater through the discharge pipe during a period until
water-seal 1s completed by drainage water being stored. A
disadvantage the same as above 1s thus caused.

In addition, 1f a bypass 1s provided 1n a discharge path in
order to decrease a tlow rate of air which flows 1nto a heat
exchanger during a period until water-seal 1s completed,
drainage water may flow into the bypass from the heat
exchanger. Drainage water which has tlowed 1nto the bypass
may flow into the heat exchanger again or flow to an
undesirable position through the bypass.

SUMMARY OF THE INVENTION

The present mnvention was made 1n view of the problems
above, and an object thereof 1s to provide a water heater 1n
which drainage water 1s less likely to stay in a heat
exchanger.

A water heater according to the present imvention 1s a
water heater of a latent heat recovery type capable of heating,
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water by recovering latent heat of combustion gas, and
includes a burner, a heat exchanger, a fan, a drainage water
discharge pipe, an air passage pipe, and a pipe connection
portion. The burner serves to produce combustion gas. The
heat exchanger serves to heat water which tlows through the
inside, through heat exchange with combustion gas pro-
duced 1n the burner. The fan serves to suction combustion
gas which has passed through the heat exchanger and to emat
combustion gas to the outside of the water heater. The
drainage water discharge pipe 1s connected to the heat
exchanger for discharging drainage water produced as a
result of recovery of latent heat by the heat exchanger to the
outside of the heat exchanger. The air passage pipe 1s
connected to a path for tflow of combustion gas from the heat
exchanger to the fan. The pipe connection portion allows
merging of the drainage water discharge pipe and the air
passage pipe and connection of the merged tlow path to a
discharge path leading to the outside of the water heater. In
the pipe connection portion, a flow path on a side of the air
passage pipe 1s greater in diameter than a flow path on a side
of the drainage water discharge pipe and a tlow path on a
side of a discharge path 1s decreased in diameter after
merging of the tlow path on the side of the drainage water
discharge pipe and the flow path on the side of the air
passage pipe.

According to the water heater 1n the present 1mvention,
since the water heater 1s of an exhaust suction and combus-
tion type, air 1s taken 1nto the 1nside of the water heater from
the outside of the water heater through the pipe connection
portion. In the pipe connection portion, the flow path on the
side of the air passage pipe 1s greater in diameter than the
flow path on the side of the drainage water discharge pipe
and the tlow path on the side of the discharge path 1is
decreased 1n diameter aiter merging of the drainage water
discharge pipe and the air passage pipe. Therefore, air which
enters the pipe connection portion passes through the tlow
path on the side of the discharge path and through the flow
path decreased 1n diameter in the pipe connection portion,
and thereafter flows into the flow path large in diameter.
Thereaftter, air 1s diverted to both of the flow path on the side
of the drainage water discharge pipe and the flow path on the
side of the air passage pipe.

In the path for flow of air 1n the pipe connection portion,
some of air which has flowed into the flow path large 1n
diameter from the flow path decreased in diameter stays, and
thus a region where air stays (hereinafter also referred to as
a “stagnation region”) between the tflow path on the side of
the discharge path and the flow path on the side of the
drainage water discharge pipe 1s generated. Generation of
this stagnation region suppresses tlow-in of air from the flow
path on the side of the discharge path toward the drainage
water discharge pipe. Theretfore, discharge of drainage water
through the drainage water discharge pipe 1s facilitated and
drainage water 1s less likely to stay in the heat exchanger.

In the pipe connection portion of the water heater, the flow
path on the side of the discharge path preferably extends in
parallel to the flow path on the side of the air passage pipe.

Thus, air which has flowed i1nto the discharge path from
the outside of the water heater 1s more likely to flow into the
flow path on the side of the air passage pipe from the tlow
path on the side of the discharge path. Therefore, drainage
water 1s further less likely to stay in the heat exchanger.

In the pipe connection portion of the water heater, the tflow
path on the side of the discharge path preferably extends
orthogonal to the tflow path on the side of the drainage water
discharge pipe.
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Thus, air which has flowed into the discharge path from
the outside of the water heater 1s less likely to flow 1nto the
flow path on the side of the drainage water discharge pipe.
Therefore, drainage water 1s further less likely to stay in the
heat exchanger.

Preferably, the water heater further includes an exhaust
box forming at least a part of the path for flow of combustion
gas between the heat exchanger and the fan and the air
passage pipe 1s connected to the exhaust box.

In such a case that the air passage pipe 1s connected to the
exhaust box as well, air which enters the inside of the water
heater through the pipe connection portion from the outside
of the water heater can be diverted to both of the drainage
water discharge pipe and the air passage pipe from the pipe
connection portion. Thus, as described above, drainage
water 1s less likely to stay in the heat exchanger.

A water heater according to the present imvention 1s a
water heater of a latent heat recovery type capable of heating
water by recovering latent heat of combustion gas, and
includes a burner, a heat exchanger, a fan, a drainage water
discharge pipe, an air passage pipe, and a pipe connection
portion. The burner serves to produce combustion gas. The
heat exchanger serves to heat water which flows through the
inside, through heat exchange with combustion gas pro-
duced 1n the burner. The fan serves to suction combustion
gas which has passed through the heat exchanger and to emut
combustion gas to the outside of the water heater. The
dramnage water discharge pipe 1s connected to a drainage
water discharge port provided in the heat exchanger for
discharging drainage water produced as a result of recovery
of latent heat by the heat exchanger to the outside of the heat
exchanger. The air passage pipe 1s connected to an air
suction port provided 1n a path for flow of combustion gas
from the heat exchanger to the fan. The pipe connection
portion has a tlow path allowing merging of the drainage
water discharge pipe and the air passage pipe and connection
of the merged flow path to a discharge path leading to the
outside of the water heater. The pipe connection portion 1s
arranged such that a height position 1n the pipe connection
portion where a flow path on a side of the drainage water
discharge pipe and a flow path on a side of the air passage
pipe merge with each other 1s lower than a height position
of the air suction port and a hydraulic head pressure origi-
nating from a height difference between the height position
where merging 1s achieved and the height position of the air
suction port 1s higher than an absolute value of a maximum
negative pressure generated at the air suction port.

According to the water heater in the present invention,
since the water heater 1s of an exhaust suction and combus-
tion type, air 1s taken 1nto the inside of the water heater from
the outside of the water heater through the pipe connection
portion. The pipe connection portion allows merging of the
drainage water discharge pipe and the air passage pipe and
allows connection of the merged flow path to the discharge
path leading to the outside of the water heater. Therefore, air
which enters the mside of the water heater through the pipe
connection portion from the outside of the water heater 1s
diverted to both of the drainage water discharge pipe and the
air passage pipe from the pipe connection portion. Thus, a
flow rate of air which passes through the drainage water
discharge pipe can be lower than 1n a case that air passes
only through the drainage water discharge pipe. Therelore,
discharge of drainage water through the drainage water
discharge pipe 1s facilitated and drainage water 1s less likely
to stay in the heat exchanger.

On the other hand, drainage water discharged from the
drainage water discharge pipe may stay in the air passage
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pipe, without being discharged to the outside of the water
heater from the side of the discharge path. This 1s because
the air suction port 1s located at a position closer to the fan
than the drainage water discharge port, and hence a negative
pressure higher 1n absolute value than in the drainage water
discharge pipe 1s generated 1n the air passage pipe connected
to the air suction port and consequently drainage water
discharged from the flow path on the side of the drainage
water discharge pipe 1s pulled into the flow path on the side
of the air passage pipe.

In the case described above, drainage water continues to
be discharged from the drainage water discharge pipe and an
amount of drainage water which 1s pulled mto and stays in
a flow path between a height position of merging of the tlow
path on the side of the drainage water discharge pipe and the
flow path on the side of the air passage pipe (a merge height
position) and the height position of the air suction port
increases. When a level of this drainage water (a position of
an upper end) reaches the height position of the air suction
port, drainage water may flow into the path for tflow of
combustion gas through the air suction port.

In contrast, in the water heater according to the present
invention, the pipe connection portion 1s arranged such that
the merge height position 1s lower than the height position
of the air suction port and a hydraulic head pressure origi-
nating from a height difference between the merge height
position and the height position of the air suction port 1s
higher than an absolute value of a maximum negative
pressure generated at the air suction port. Thus, the hydraulic
head pressure of drainage water which stays 1s higher than
the absolute value of the maximum negative pressure gen-
crated at the air suction port before the level of the drainage
water reaches the height position of the air suction port.
When the hydraulic head pressure of the drainage water 1s
higher than the absolute value of the maximum negative
pressure generated at the air suction port, drainage water
which has been pulled 1n can readily flow toward the side of
the discharge path located below the air passage pipe.
Therefore, drainage water can smoothly be discharged to the
outside.

Preferably, in the water heater, the pipe connection por-
tion 1s arranged such that the merge height position 1s lower
than the height position of the drainage water discharge port
and a hydraulic head pressure originating from a height
difference between the merge height position and the height
position of the drainage water discharge port 1s higher than
the absolute value of the maximum negative pressure gen-
crated at the air suction port.

Since a negative pressure 1s generated at the drainage
water discharge port, draimnage water which has tlowed out of
the heat exchanger into the drainage water discharge pipe
may stay in the drainage water discharge pipe without being
discharged toward the discharge path. In the case described
above, as drainage water continues to be discharged from the
heat exchanger, an amount of drainage water which stays in
a flow path between the merge height position and the height
position ol the drainage water discharge port increases.
When a level of this drainage water (a position of an upper
end) reaches the height position of the drainage water
discharge port, the drainage water may flow into the heat
exchanger through the drainage water discharge port.

In contrast, as the pipe connection portion 1s arranged at
such a position that the merge height position 1s lower than
the height position of the drainage water discharge port and
a hydraulic head pressure originating from a height difler-
ence between the merge height position and the height
position of the drainage water discharge port 1s higher than
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an absolute value of a maximum negative pressure generated
at the air suction port, the hydraulic head pressure of
drainage water which stays 1s higher than the absolute value
of the maximum negative pressure generated at the drainage
water discharge port before the level of drainage water
reaches the height position of the drainage water discharge
port. This 1s because the air suction port 1s located at a
position closer to the fan than the drainage water discharge
port and hence the absolute value of the maximum negative
pressure generated at the air suction port 1s higher than the
absolute value of the maximum negative pressure generated
at the drainage water discharge port.

When the hydraulic head pressure of drainage water 1s
higher than the absolute value of the maximum negative
pressure generated at the drainage water discharge port,
drainage water which stays in the drainage water discharge
pipe can readily flow toward the discharge path located
below the drainage water discharge pipe. Therefore, drain-
age water can smoothly be discharged to the outside.

Preferably, the water heater further includes an exhaust
box forming at least a part of the path for flow of combustion
gas between the heat exchanger and the fan and the air
suction port 1s provided 1n the exhaust box.

In such a case that the air passage pipe 1s connected to the
exhaust box as well, air which enters the inside of the water
heater through the pipe connection portion from the outside
of the water heater can be diverted to both of the drainage
water discharge pipe and the air passage pipe from the pipe
connection portion. Thus, as described above, drainage
water 1s less likely to stay in the heat exchanger.

In the water heater above, preferably, the pipe connection
portion 1s a pipe joint allowing merging of the drainage
water discharge pipe and the air passage pipe.

Thus, the drainage water discharge pipe, the air passage
pipe, and the discharge path can easily be connected to one
another.

In the water heater above, preferably, the fan includes a
blade, a drive source, and a rotation shaft connecting the
blade and the drive source to each other and the air passage
pipe opens 1nto a region opposed to a direction of an axis line
of the rotation shaft of the blade in the path for tlow of
combustion gas from the heat exchanger to the fan.

Thus, the air passage pipe can open 1nto the region 1n the
water heater where a negative pressure 1s high. Therefore, a
flow rate of air which passes through the air passage pipe, of
the drainage water discharge pipe and the air passage pipe,
can be increased, and accordingly, a tlow rate of air which
passes through the drainage water discharge pipe can be
lowered. Therefore, discharge of drainage water through the
dramnage water discharge pipe 1s further facilitated.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front view schematically showing a construc-
tion of a water heater 1n a first embodiment of the present
invention.

FI1G. 2 1s a partial cross-sectional side view schematically
showing the construction of the water heater shown 1n FIG.
1.

FIG. 3 1s a schematic perspective view for illustrating a
construction of a secondary heat exchanger of the water
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heater shown 1n FIG. 1 and a drainage water discharge path
within the secondary heat exchanger.

FIG. 4 1s a partial cross-sectional view showing a fan and
the secondary heat exchanger 1n an enlarged manner, for
illustrating a construction of the fan of the water heater
shown 1 FIG. 1.

FIG. § 1s a cross-sectional view schematically showing a
construction within a drainage water tank of the water heater
shown 1 FIG. 1.

FIG. 6 1s a schematic diagram for illustrating ease in
discharge of drainage water in the water heater in the first
embodiment of the present invention.

FIG. 7 1s a schematic diagram for illustrating difliculty 1n
discharge of drainage water 1n a water heater 1mn a {first
comparative example.

FIG. 8 15 a schematic diagram for illustrating difliculty in
discharge of drainage water 1n a water heater in a second
comparative example.

FIG. 9 1s a front view schematically showing connection
of the air passage pipe to a connection portion connecting an
exhaust box and the fan to each other.

FIGS. 10 to 13 are schematic diagrams for illustrating
other constructions of a pipe connection portion.

FIG. 14 1s a front view schematically showing a construc-
tion of a water heater 1n a second embodiment of the present
invention.

FIG. 15 1s a schematic diagram for illustrating ease 1n
discharge of drainage water 1n the water heater 1n the second
embodiment of the present invention.

FIG. 16 1s a front view schematically showing connection
of the air passage pipe to a connection portion connecting an
exhaust box and the fan to each other.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention will be described
hereinafter with reference to the drawings.

A construction of a water heater 1n a first embodiment of
the present invention will mitially be described with refer-
ence to FIGS. 1 to 3.

Referring mainly to FIGS. 1 and 2, a water heater 1 1n the
present embodiment 1s a water heater of a latent heat
recovery type adapted to an exhaust suction and combustion
system. This water heater 1 mainly has a burner 2, a primary
heat exchanger 3, a secondary heat exchanger 4, an exhaust
box 5, a fan 6, an exhaust tube 7, a drainage water tank 8,
a housing 9, and pipes 10 to 16.

Burner 2 serves to produce combustion gas by burning a
tuel gas. A gas supply pipe 11 1s connected to burner 2. This
gas supply pipe 11 serves to supply a fuel gas to burner 2.
A gas valve (not shown) implemented, for example, by an
clectromagnetic valve 1s attached to this gas supply pipe 11.

A spark plug 2a 1s arranged above burner 2. This spark
plug 2a serves to 1gnite an air fuel mixture injected from
burner 2 to thereby produce a flame, by generating sparks
between the plug and a target (not shown) provided 1n burner
2. Burner 2 generates a quantity of heat by burning a fuel gas
supplied from gas supply pipe 11 (which i1s called a com-
bustion operation).

Referring mainly to FIG. 2, primary heat exchanger 3 1s
a heat exchanger of a sensible heat recovery type. This
primary heat exchanger 3 mainly has a plurality of plate-
shaped fins 3b, a heat conduction pipe 3a penetrating the
plurality of plate-shaped fins 35, and a case 3¢ accommo-
dating fins 35 and heat conduction pipe 3a. Primary heat
exchanger 3 exchanges heat with combustion gas generated
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by burner 2, and specifically, 1t serves to heat water which
flows through heat conduction pipe 3a of primary heat
exchanger 3 with the quantity of heat generated as a result
of the combustion operation of burner 2.

Referring mainly to FIGS. 2 and 3, secondary heat
exchanger 4 1s a heat exchanger of a latent heat recovery
type. This secondary heat exchanger 4 1s located down-
stream of primary heat exchanger 3 1n a flow of combustion
gas and connected 1n series with primary heat exchanger 3
Since water heater 1 according to the present embodiment
thus has secondary heat exchanger 4 of a latent heat recovery
type, 1t 1s a water heater of the latent heat recovery type.

Secondary heat exchanger 4 mainly has a drainage water
discharge port 4a, a heat conduction pipe 4b, a sidewall 4c,
a bottom wall 4d, and an upper wall 4g. Heat conduction
pipe 4b 1s layered as 1t 1s spirally wound. Sidewall 4c,
bottom wall 4d, and upper wall 4g are arranged to surround
heat conduction pipe 4b.

In secondary heat exchanger 4, water which flows through
heat conduction pipe 45 1s pre-heated (heated) through heat
exchange with combustion gas of which heat has been
exchanged 1n primary heat exchanger 3. As a temperature of
combustion gas 1s lowered to approximately 60° C. through
this process, moisture contained in combustion gas 1s con-
densed so that latent heat can be obtained. In addition, latent
heat 1s recovered 1n secondary heat exchanger 4 and mois-
ture contained in combustion gas 1s condensed, whereby
drainage water 1s produced.

Bottom wall 4d serves as a partition between primary heat
exchanger 3 and secondary heat exchanger 4, and 1t also
serves as an upper wall of primary heat exchanger 3. This
bottom wall 44 1s provided with an opening portion 4e, and
this opeming portion 4e allows communication between a
space where heat conduction pipe 3a of primary heat
exchanger 3 1s arranged and a space where heat conduction
pipe 4b of secondary heat exchanger 4 1s arranged. As shown
with hollow arrows 1n FIG. 2, combustion gas can flow from
primary heat exchanger 3 to secondary heat exchanger 4
through opening portion 4e. In this embodiment, for the sake
of simplification, bottom wall 4d of secondary heat
exchanger 4 and the upper wall of primary heat exchanger
3 are common, however, an exhaust collection and guide
member may be connected between primary heat exchanger
3 and secondary heat exchanger 4.

Upper wall 4g 1s provided with an opening portion 4/, and
this opening portion 4/ allows communication between the
space where heat conduction pipe 46 of secondary heat
exchanger 4 1s arranged and an internal space 1n exhaust box
5. As shown with hollow arrows 1n FIG. 2, combustion gas
can flow from secondary heat exchanger 4 into the internal
space 1n exhaust box 5 through opening portion 4/.

Drainage water discharge port 4a 1s provided 1n sidewall
d¢ or bottom wall 44d. This drainage water discharge port 4a
opens at a lowest position 1n the space surrounded by side
wall 4¢, bottom wall 44 and upper wall 4¢ (a lowermost
position 1n a vertical direction 1n a state of placement of the
water heater), which 1s lower than a lowermost portion of
heat conduction pipe 4b. Thus, drainage water produced in
secondary heat exchanger 4 can be guided to drainage water
discharge port 4a along bottom wall 44 and sidewall 4¢ as
shown with a black arrow 1n FIGS. 2 and 3.

Referring mainly to FIGS. 2 and 4, exhaust box 5 forms
a path for a flow of combustion gas between secondary heat
exchanger 4 and fan 6. This exhaust box 35 can guide
combustion gas of which heat has been exchanged in
secondary heat exchanger 4 to fan 6. Exhaust box 3 1s
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attached to secondary heat exchanger 4 and located down-
stream of secondary heat exchanger 4 1n the flow of com-
bustion gas.

Exhaust box 5 mainly has a box main body 53¢ and a fan
connection portion 3b. An internal space 1n box main body
5a communicates with the internal space where heat con-
duction pipe 4b of secondary heat exchanger 4 1s arranged
through opening portion 4/ in secondary heat exchanger 4.
An air suction port Saa 1s provided, for example, in a side
portion of box main body 5a, so as to lead to the internal
space 1n box main body 3a. Fan connection portion 356 1s
provided so as to protrude from an upper portion of box
main body 5a. This fan connection portion 56 has, for
example, a cylindrical shape, and an internal space 5ba
thereol communicates with the internal space 1n box main
body 3a.

Referring mainly to FIGS. 1 and 2, fan 6 serves to emit
combustion gas (of which heat has been exchanged 1in
secondary heat exchanger 4) which has passed through
secondary heat exchanger 4 to the outside of water heater 1
by suctioning combustion gas, and the fan 1s connected to
exhaust tube 7 located outside water heater 1.

This fan 6 1s located downstream of exhaust box 5 and
secondary heat exchanger 4 in the flow of combustion gas.
Namely, in water heater 1, burner 2, primary heat exchanger
3, secondary heat exchanger 4, exhaust box 5, and fan 6 are
disposed 1n this order from upstream to downstream in the
flow of combustion gas produced i1n burner 2. Since com-
bustion gas 1s suctioned and exhausted by means of fan 6 as
above 1n this arrangement, water heater 1 in the present
embodiment 1s the water heater adapted to the exhaust
suction and combustion system.

Fan 6 mainly has a blade 64, a fan case 6b, a drive source
6¢, and a rotation shaft 6d4. Fan case 65 1s attached to fan
connection portion 56 of exhaust box 3 such that an internal
space 1n fan case 6b and the internal space 1n fan connection
portion 35 communicate with each other. Thus, as shown
with hollow arrows 1n FIGS. 2 and 4, combustion gas can be
suctioned from box main body 3a of exhaust box 5 through
fan connection portion 55 into fan case 6b.

Referring mainly to FIG. 4, blade 6a 1s arranged 1n fan
case 6b. This blade 6a 1s connected to drive source 6¢ with
rotation shaft 64 being interposed. Thus, blade 6a 1s pro-
vided with drive force from drive source 6¢ and can rotate
around rotation shaft 64. With rotation of blade 64, com-
bustion gas in exhaust box 5 can be suctioned from an inner
circumierential side of blade 6a and can be emitted toward
an outer circumierential side of blade 6a.

Referring mainly to FIG. 1, exhaust tube 7 1s arranged
outside water heater 1 and 1s connected to an outer circum-
ferential side of fan case 6b. Therefore, combustion gas
emitted to the outer circumierential side by blade 6a of fan
6 can be emitted to the outside of water heater 1 through
exhaust tube 7.

Referring mainly to FIG. 2, combustion gas produced by
burner 2 as above 1s suctioned by fan 6 with rotation of blade
6a above, so that combustion gas can reach fan 6 after
passage through primary heat exchanger 3, secondary heat
exchanger 4, and exhaust box 5 1n this order as shown with
the hollow arrows 1n the figure and can be exhausted to the
outside of water heater 1.

Referring mainly to FIGS. 1 and 5, drainage water tank 8
serves to store drainage water produced in secondary heat
exchanger 4. This drainage water tank 8 mainly has a
drainage water storage portion 8a, a drainage water intro-
duction portion 8d, a drainage water discharge portion 8e,
and a drainage water outlet port 8f.
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An internal space 1n drainage water storage portion 8a 1s
partitioned 1nto spaces 8A and 8B by a wall portion 85. Wall
portion 8b serves as partition between space 8A and space
8B, and space 8A and space 8B communicate with each
other through a hole 8¢ provided 1n a lower portion of wall
portion 85. Drainage water itroduction portion 84 1s pro-
vided 1n a top portion of drainage water storage portion 8a
so as to lead to space 8A, and dramnage water discharge
portion 8¢ 1s provided at a prescribed height position in
drainage water storage portion 8a so as to lead to space 8B.

This drainage water tank 8 has a water-seal structure.
Namely, drainage water tank 8 1s constructed such that, as a
level of drainage water stored in a lower portion of each of
space 8A and space 8B 1s higher than an upper end of hole
8c as shown with a chain double dotted line in the figure,
outside air (air outside water heater 1) which entered drain-
age water tank 8 through drainage water discharge portion
8¢ does not come toward drainage water introduction por-
tion 8d. With such a water-seal structure of drainage water
tank 8, entry of outside air into water heater 1 through
drainage water tank 8 as shown with hollow arrows 1n the
figure 1s prevented.

In a bottom portion of drainage water tank 8 (space 8B),
drainage water outlet port 8f 1s provided. Drainage water
outlet piping 16 (which 1s normally closed) 1s connected to
this drainage water outlet port 8f and leads to the outside of
water heater 1. Drainage water outlet piping 16 1s designed
so as to be able to discharge drainage water within drainage
water tank 8 which cannot be discharged through drainage
water discharge piping 15, by opening drainage water outlet
piping 16 during maintenance. An internal space in drainage
water tank 8 may be filled with a neutralization agent (not
shown) for neutralizing acid drainage water.

Pipe 10 which will be described later i1s connected
between drainage water discharge port 4a of secondary heat
exchanger 4 and drainage water introduction portion 84 of
drainage water tank 8 in order to discharge drainage water
within secondary heat exchanger 4 to the outside. Drainage
water discharge piping 15 1s connected to drainage water
discharge portion 8¢ of drainage water tank 8 and leads to
the outside of water heater 1. Drainage water stored in
drainage water tank 8 1s temporarily stored in the internal
space 1n drainage water tank 8 and thereafter, normally, 1t 1s
discharged through drainage water discharge piping 15 to
the outside of water heater 1.

Referring mainly to FIGS. 1 and 6, a drainage water
discharge pipe 10a, a drainage water tank connection pipe
10c, and a three-way pipe joint (pipe connection portion)
104 connect this drainage water tank 8 and drainage water
discharge port 4a of secondary heat exchanger 4 to each
other. Drainage water discharge pipe 10aq has one end
connected to drainage water discharge port 4a of secondary
heat exchanger 4 and the other end connected to an opening,
portion 10da of three-way pipe jomnt 10d. Drainage water
tank connection pipe 10c has one end connected to an
opening portion 10dc of three-way pipe joint 104 and the
other end connected to drainage water introduction portion
8d (FIG. 5) of drainage water tank 8. One end of air passage
pipe 106 1s connected to air suction port Saa of exhaust box
5, and the other end of air passage pipe 105 1s connected to
an opening portion 1046 of three-way pipe joint 10d.

With arrangement above, 1in three-way pipe joimnt 104, a
flow path on a side of opening portion 10da connected to
drainage water discharge pipe 10a (a tlow path on a side of
the drainage water discharge pipe), a flow path on a side of
opening portion 10db connected to air passage pipe 1056 (a
flow path on a side of the air passage pipe), and a tlow path
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on a side of opening portion 10dc connected to drainage
water tank connection pipe 10c¢ (a flow path on a side of a
discharge path) are coupled to one another. Namely, three-
way pipe joint 104 can allow merging of air passage pipe
105 and drainage water discharge pipe 10a (merging of the
flow path on the side of air passage pipe 106 and the tlow
path on the side of drainage water discharge pipe 10a) and
allow connection of the merged tlow path to the discharge
path leading to the outside of water heater 1. In the present
embodiment, the discharge path 1s mainly constituted of
drainage water tank connection pipe 10¢ and drainage water
tank 8.

Drainage water discharge pipe 10a, air passage pipe 105,
drainage water tank connection pipe 10c¢, and three-way pipe
1ot 104 constitute pipe 10 for drainage water and air, which
1s branched from drainage water tank 8 and connected to
both of secondary heat exchanger 4 and exhaust box 5. A
region where the flow path on the side of air passage pipe
105 and the flow path on the side of drainage water discharge
pipe 10a merge with each other i1s also heremnatter referred
to as a “merge region” (hatched and shaded regions 1n FIG.
6).

In pipe 10 for drainage water and air, drainage water
produced 1n secondary heat exchanger 4 1s guided to drain-
age water discharge port 4a, thereafter 1t flows through the
flow path on the side of drainage water discharge pipe 10q
and flows 1nto the merge region, thereaiter it flows through
the tlow path on the side of drainage water tank connection
pipe 10c, and 1t 1s discharged to the outside of the water
heater. Before drainage water tank 8 1s water-sealed, air
outside water heater 1 flows through the flow path on the
side of drainage water tank connection pipe 10¢ and flows
into the merge region, and thereaiter 1t 1s diverted toward
drainage water discharge pipe 10a and toward air passage
pipe 105b.

In pipe 10 for drainage water and air, drainage water
discharge pipe 10a extends horizontally or as inclined down-
ward from drainage water discharge port 4a to three-way
pipe joint 104, 1n order to allow drainage water to smoothly
flow from secondary heat exchanger 4 toward drainage
water tank 8. An angle formed between the tlow path on the
side of drainage water tank connection pipe 10¢ and the flow
path on the side of air passage pipe 105 1n three-way pipe
jomt 104 1s closer to 180° than an angle formed between the
flow path on the side of drainage water tank connection pipe
10c and the flow path on the side of drainage water discharge
pipe 10a, in order to allow air which flows from the
discharge path to smoothly flow into the tlow path on the
side of air passage pipe 10b.

Referring to FIG. 6, in three-way pipe joint 10d, a
diameter DB of the tflow path on the side of air passage pipe
105 1s greater than a diameter DA of the flow path on the side
of drainage water discharge pipe 10a, and the flow path on
the side of drainage water tank connection pipe 10c 1s
decreased in diameter after merging of drainage water
discharge pipe 10a and air passage pipe 105. Namely, a
smaller-diameter portion 10dd 1s provided 1n the flow path
on the side of drainage water tank connection pipe 10c¢ 1n
three-way pipe joint 10d. A diameter of the region decreased
in diameter 1s defined as a diameter DC.

Smaller-diameter portion 10dd 1s formed by providing a
wall portion 10dac serving as a partition in the merge region
between a wall portion serving as a partition of the tlow path
on the side of drainage water tank connection pipe 10¢ and
a wall portion serving as a partition of the tflow path on the
side of drainage water discharge pipe 10a such that a virtual
surface of contact C between the tlow path on the side of
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dramnage water tank connection pipe 10c¢ and the merge
region and a virtual surface of contact A between the flow
path on the side of drainage water discharge pipe 10q and the
merge region are away from each other. Thus, contact
surface A and contact surface C are not 1n contact with each
other.

As shown 1n FIG. 6, in three-way pipe joint 104 according
to the present embodiment, the flow path thereof 1s made
smaller immediately after merging of the flow path on the
side of drainage water discharge pipe 10a and the tlow path
on the side of air passage pipe 10b. Here, “immediately
alter” means decrease 1n size at a height position as high as
a height position of a lower end of contact surface A (a
position in contact surface A closest to the flow path on the
side of drainage water tank connection pipe 10¢) 1n the flow
path on the side of drainage water tank connection pipe 10c.

Referring mainly to FIGS. 1 and 2, water supply pipe 12
1s connected to one end of heat conduction pipe 46 of
secondary heat exchanger 4 and hot water delivery pipe 13
1s connected to one end of heat conduction pipe 3a of
primary heat exchanger 3. The other end of heat conduction
pipe 3a of primary heat exchanger 3 and the other end of
heat conduction pipe 45 of secondary heat exchanger 4 are
connected to each other through connection pipe 14. Each of
gas supply pipe 11, water supply pipe 12, and hot water
delivery pipe 13 leads to the outside, for example, i a top
portion of water heater 1. Burner 2, primary heat exchanger
3, secondary heat exchanger 4, exhaust box 5, fan 6, and
drainage water tank 8 are arranged in housing 9.

A function and eflect of the water heater 1n the present
embodiment will now be described 1n comparison with a
first comparative example and a second comparative
example 2 shown 1n FIGS. 7 and 8.

Initially, 1n a water heater in the first comparative example
shown 1n FIG. 7, pipe 10 for discharge of drainage water
which connects drainage water tank 8 and secondary heat
exchanger 4 to each other 1s not branched. Since the com-
parative example 1s otherwise substantially the same as the
water heater 1n the present embodiment described above,
description thereol will not be repeated.

The water heater in this comparative example 1s a water
heater adapted to the exhaust suction and combustion system
similar to water heater 1 1n the present embodiment shown
in FIG. 1. In the water heater adapted to this system, as
shown 1n FIG. 1, fan 6 1s arranged downstream of secondary
heat exchanger 4 for recovering latent heat in the flow of
combustion gas. Therefore, during a period until drainage
water tank 8 1s water-sealed, air outside the water heater 1s
taken 1nto the inside of secondary heat exchanger 4 through
a drainage water discharge path (drainage water discharge
piping 15, dramnage water tank 8, drainage water tank
connection pipe 10c¢, three-way pipe joint 104, and drainage
water discharge pipe 10a).

Therefore, as shown 1n FIG. 7, a direction of flow of air
within pipe 10 for discharge of drainage water (hollow
arrows 1n the figure) 1s reverse to a direction of discharge of
dramnage water (a black arrow 1in the figure). Therelore,
drainage water 1s less dischargeable toward drainage water
tank 8 through pipe 10 for discharge of drainage water and
1s likely to stay in secondary heat exchanger 4.

It discharge of drainage water within secondary heat
exchanger 4 does not proceed but drainage water 1s stored,
drainage water may run over toward primary heat exchanger
3 through opening portion 4e shown 1n FIG. 2. In this case,
overtlow drainage water may corrode heat conduction pipe
3a of primary heat exchanger 3 composed, for example, of
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copper, or corrode burner 2 composed, for example, of
stainless steel, or extinguish a flame of burner 2.

In contrast, according to water heater 1 in the present
embodiment, as shown 1n FIG. 6, the other end of pipe 10
having one end connected to drainage water tank 8 1s
branched and connected to both of secondary heat exchanger
4 and exhaust box 5. Theretfore, air which enters water heater
1 from the outside of water heater 1 1s divided into air which
enters secondary heat exchanger 4 and air which enters
exhaust box 5. Thus, a flow rate of air which enters sec-
ondary heat exchanger 4 (air which passes through drainage
water discharge pipe 10a) can be lower than a tflow rate in
drainage water tank connection pipe 10c. Therefore, dis-
charge of drainage water toward drainage water tank 8
through drainage water discharge pipe 10q 1s facilitated and
dramnage water 1s less likely to stay in secondary heat
exchanger 4.

As shown 1n FIG. 1, air passage pipe 105 1s connected to
exhaust box 5. This exhaust box 5 1s located closer to fan 6
than secondary heat exchanger 4. Therefore, a negative
pressure 1n the internal space 1n exhaust box 5 1s higher than
in the internal space in secondary heat exchanger 4. Thus,
since an amount of air which enters secondary heat
exchanger 4 can be smaller than an amount of air which
enters exhaust box 5, discharge of drainage water through
drainage water discharge pipe 10a 1s further facilitated and
dramnage water 1s less likely to stay in secondary heat
exchanger 4.

As shown further in FIG. 6, 1n three-way pipe joint 104,
diameter DB of the flow path on the side of air passage pipe
105 15 greater than diameter DA of the flow path on the side
of drainage water discharge pipe 10a, and the flow path on
the side of drainage water tank connection pipe 10c¢ has
smaller-diameter portion 10dd decreased in diameter after
merging of drainage water discharge pipe 10a and air
passage pipe 10b. Therefore, air which has reached the flow
path on the side of drainage water tank connection pipe 10c
of three-way pipe joint 104 from the outside of water heater
1 through drainage water discharge piping 135, drainage
water tank 8, and drainage water tank connection pipe 10c
passes through this smaller-diameter portion 10dd, thereat-
ter flows into the merge region greater in diameter than
diameter DC of smaller-diameter portion 10dd, and there-
after 1t 1s divided into air which flows toward secondary heat
exchanger 4 and air which flows toward exhaust box 5.

In an air flow-1n path above, a diameter of the flow path
abruptly changes at the time of flow-in from smaller-diam-
cter portion 10dd into the merge region, and hence a
direction of flow of air or a speed of tlow significantly
changes between the upstream side and the downstream side
of the region where the diameter 1s changed. This change
generates a stagnation region where air stays, because some
of air flows as swirling owing to such change. This stagna-
tion region 1s likely to be generated 1n a region where a
diameter of a flow path abruptly increases in a direction of
flow of air.

If smaller-diameter portion 10dd 1s provided while con-
tact surface A and contact surface C are in contact with each
other as in the water heater 1in the second comparative
example shown 1n FIG. 8, the stagnation region 1s likely to
be generated mm a hatched region i FIG. 8. Since the
comparative example 1s otherwise substantially the same as
the water heater in the present embodiment described above,
description thereotf will not be repeated. Since this stagna-
tion region 1s not located between the tflow path on the side
of drainage water tank connection pipe 10¢ and the tlow path
on the side of drainage water discharge pipe 10a, stay of air
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in this stagnation region cannot suiliciently suppress a tlow
of air from the tlow path on the side of drainage water tank
connection pipe 10¢ toward the flow path on the side of
drainage water discharge pipe 10a.

In contrast, according to water heater 1 in the present
embodiment, smaller-diameter portion 10dd 1s provided
such that contact surface A and contact surface C are away
from each other as shown in FIG. 6. In this case, the
stagnation region 1s likely to be generated 1n a shaded region
in FI1G. 6. Since this stagnation region 1s located between the
flow path on the side of drainage water tank connection pipe
10c and the flow path on the side of drainage water discharge
pipe 10a, stay of air at this position suppresses a tlow of air
from the flow path on the side of drainage water tank
connection pipe 10c¢ toward the flow path on the side of
drainage water discharge pipe 10a. Therelore, discharge of
drainage water from the side of drainage water discharge
pipe 10a 1s particularly facilitated and hence drainage water
1s less likely to stay 1n secondary heat exchanger 4.

Though a degree of decrease in size of smaller-diameter
portion 10dd 1s not particularly restricted, 1n order to gen-
erate a stagnation region which can sufliciently suppress a
flow of air toward drainage water discharge pipe 10a (that 1s,
in order to abruptly change a diameter), diameter DC of
smaller-diameter portion 10dd 1s preferably at most 0.7 time
as large as a diameter of the merge region (corresponding to
diameter DB 1n the present embodiment).

In water heater 1 1n the present embodiment described
above, the flow path on the side of drainage water tank
connection pipe 10c extends in parallel to the flow path on
the side of air passage pipe 105. Namely, an angle formed
between these flow paths 1s preferably set approximately to
180°. In this case, air which flows through the air flow-1n
path can particularly smoothly flow from the side of drain-
age water tank connection pipe 10c toward air passage pipe
1056. Therefore, since an amount of air which flows toward
drainage water discharge pipe 10a can further be decreased,
drainage water 1s less likely to stay in secondary heat
exchanger 4.

In water heater 1 according to the present embodiment
described above, the flow path on the side of drainage water
tank connection pipe 10c¢ extends orthogonal to the flow path
on the side of drainage water discharge pipe 10a. Namely, an
angle formed between these flow paths 1s preferably set
approximately to 90°. In this case, flow-1n of air from the
side of drainage water tank connection pipe 10c toward
drainage water discharge pipe 10a 1s considerably sup-
pressed.

If diameter DC of smaller-diameter portion 10dd of
three-way pipe joint 104 1s greater than diameter DA of the
flow path on the side of drainage water discharge pipe 10a
in the present embodiment, 1n spite of generation of a
stagnation region between the flow path on the side of
dramnage water tank connection pipe 10¢ and the flow path
on the side of drainage water discharge pipe 10a, 1t tends to
be difficult to suiliciently decrease a tlow rate of air into the
flow path on the side of drainage water discharge pipe 10a
with the stagnation region, because the flow path on the side
of drainage water discharge pipe 10q 1s great 1n size relative
to the generated stagnation region.

In contrast, when diameter DC of smaller-diameter por-
tion 10dd of three-way pipe joint 104 1s not greater than
diameter DA of the tlow path on the side of drainage water
discharge pipe 10a, suppression of flow-in of air by the
stagnation region 1s suflicient. When diameter DC of
smaller-diameter portion 10dd 1s comparable to diameter
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DA of the flow path on the side of drainage water discharge
pipe 10a, a size of pipes can advantageously be umfied.
In the construction shown in FIG. 1, though air passage
pipe 105 1s connected to box main body 5a of exhaust box
5, air passage pipe 105 should only be connected to a path
for tlow of combustion gas from secondary heat exchanger
4 until fan 6. Here, the “path for flow of combustion gas
from secondary heat exchanger 4 until fan 6 means a space
in which combustion gas flows within secondary heat

exchanger 4 and exhaust box 5 1n FIG. 1. When a constituent
member other than exhaust box 5 i1s provided 1n between
secondary heat exchanger 4 and fan 6, a space i1n that
constituent member 1n which combustion gas flows 1s also
encompassed.

For example, as shown 1n FIG. 9, air passage pipe 105
may be connected to fan connection portion 34 instead of
box main body 3a of exhaust box 5. By thus connecting air
passage pipe 105 to fan connection portion 36 of exhaust
box 3, the air passage pipe can be connected to exhaust box
5 at a position closer to fan 6 than in the case that the air
passage pipe 1s connected to box main body 5a.

Thus, air passage pipe 105 can open 1nto a region higher
in negative pressure than in the case that the air passage pipe
1s connected to box main body 5a. Therefore, a tlow rate of
air which passes through air passage pipe 105, of drainage
water discharge pipe 10a and air passage pipe 105, can be
higher, and a flow rate of air which passes through drainage
water discharge pipe 10a can further be lowered. Therefore,
discharge of drainage water through drainage water dis-
charge pipe 10a 1s further facilitated.

Referring to FIG. 4, air passage pipe 105 preferably opens
into a region R opposed to blade 6a 1n a direction of an axis
line S-S of rotation shaft 64 (a hatched region 1n the figure)
in the path for flow of combustion gas from secondary heat
exchanger 4 until fan 6. Specifically, air passage pipe 105
preferably opens into region R which 1s combination of an
internal space 5ba 1n fan connection portion 35 and a region
formed by extending that internal space 5ba 1n the direction
of axis line S-S of rotation shait 64 (a hatched region in the
figure).

Since this region R 1s a region opposed to blade 6a of fan
6 which suctions combustion gas, 1t 1s a region high 1n
negative pressure. Therefore, as air passage pipe 105 opens
into this region R, a flow rate of air which 1s taken into water
heater 1 through air passage pipe 105 can be made higher,
and accordingly, a flow rate of air which passes through
drainage water discharge pipe 10a can further be lowered.
Theretfore, discharge of drainage water through the drainage
water discharge pipe 1s further facilitated.

For example, as shown i FIG. 9, by connecting air
passage pipe 105 to fan connection portion 36 of exhaust
box 5, air passage pipe 105 can open into region R high in
negative pressure above.

Since water heater 1 adapted to the exhaust suction and
combustion system 1s employed as described above 1n the
present embodiment, a combustion operation by burner 2
can be stabilized as compared with a water heater of what 1s
called a forced exhaust type even though exhaust tube 7 1s
decreased 1n diameter, which will be described below.

In a water heater of what 1s called a forced exhaust type,
a lan, a burner, a primary heat exchanger, and a secondary
heat exchanger are arranged 1n this order from upstream to
downstream 1n a flow of combustion gas. Namely, combus-
tion gas produced in the burner 1s caused to flow nto an
exhaust tube outside the water heater by the fan through the
primary heat exchanger and the secondary heat exchanger.
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Combustion gas forced out of the fan receives flow path
resistance produced by the primary heat exchanger and the
secondary heat exchanger before 1t reaches the exhaust tube.
Therefore, a pressure with which combustion gas 1s sent
immediately before the exhaust tube i1s lower by magnitude 5
comparable to this flow path resistance. Therefore, 1n order
to force combustion gas into the exhaust tube smaller in
diameter, a fan blow pressure should be raised. When a fan
blow pressure 1s raised, however, an internal pressure within
a burner case becomes higher. Therefore, when a supply 10
pressure of combustion gas supplied to the burner 1s low, a
combustion operation becomes unstable.

In contrast, according to the exhaust suction and combus-
tion system in the present embodiment, burner 2, primary
heat exchanger 3, secondary heat exchanger 4, and fan 6 are 15
arranged 1n this order from upstream to downstream in the
flow of combustion gas. With this system, since a pressure
1s negative on the upstream side of fan 6, an internal pressure
within the burner case can be maintained low even though
exhaust tube 7 1s decreased in diameter. Thus, a combustion 20
operation can be stabilized even when a supply pressure of
combustion gas supplied to burner 2 1s low.

In the present embodiment described above in detail,
though water heater 1 including pipe 10 1n which smaller-
diameter portion 10dd 1s provided 1n a part of the tlow path 25
on the side of drainage water tank connection pipe 10c has
been 1llustrated and described, an embodiment of the present
invention 1s not limited thereto. For example, as shown 1n
FIG. 10, the entire flow path on the side of drainage water
tank connection pipe 10c¢ of three-way pipe joint 104 may be 30
made smaller, and in addition, drainage water tank connec-
tion pipe 10c¢ continuing to smaller-diameter portion 10dd
may be comparable 1n diameter to the flow path on the side
of drainage water tank connection pipe 10c. According to
this feature as well, as described above, drainage water 1s 35
less likely to stay in secondary heat exchanger 4 and
manufacturing of three-way pipe joint 104 1s also facilitated.

Alternatively, as shown i FIG. 11, three-way pipe joint
104 may be constructed such that a central axis of the flow
path on the side of drainage water tank connection pipe 10¢c 40
matches with a central axis of the flow path on the side of
air passage pipe 105 (an axis line M-M 1n the figure).
According to this feature as well, as described above,
dramnage water 1s less likely to stay in secondary heat
exchanger 4 and manufacturing of three-way pipe joint 104 45
1s also further facilitated.

Alternatively, as shown in FIG. 12, a lower portion of
three-way pipe joint 104 extending from a lower end of
contact surface A in the figure (a position in contact surface
A closest to the tlow path on the side of drainage water tank 50
connection pipe 10¢) by a prescribed distance D may be
made smaller. In this case as well, a stagnation region 1s
generated between the flow path on the side of drainage
water tank connection pipe 10¢ and the tlow path on the side
ol dramnage water discharge pipe 10a, and hence drainage 55
water 1s less likely to stay in secondary heat exchanger 4.
Though this prescribed distance D 1s not particularly
restricted, as shown in FIG. 12, a condition of E>D 1s
preferably satisfied, where E represents a distance of wall
portion 10dac serving as the partition of the merge region 60
provided between the wall portion serving as the partition of
the flow path on the side of drainage water tank connection
pipe 10c¢ and the wall portion serving as the partition of the
flow path on the side of drainage water discharge pipe 10a.
Distance E corresponds to a length of a normal extended 65
from an end portion of wall portion 10dac (a left end portion
in the figure) to a surface including contact surface A.
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Alternatively, as shown 1n FIG. 13, after abrupt decrease
of a diameter of three-way pipe joint 104, 1t may continu-
ously increase toward drainage water tank connection pipe
10c after merging of drainage water discharge pipe 10a and
air passage pipe 106 (“immediately after merging” 1n FIG.
13). In this case, when air flows from the side of drainage
water tank connection pipe 10c toward the merge region,
some of air travels 1n a direction shown with a hollow arrow
in the figure. An angle formed between this direction of tlow
of air and the direction of the flow path on the side of air
passage pipe 106 1s relatively small, whereas an angle
formed between this direction of tlow of air and the direction
of the flow path on the side of drainage water discharge pipe
10q 1s relatively large. According to such a construction, a
flow rate of air which flows toward drainage water discharge
pipe 10a 1s further decreased. Therelore, drainage water 1s
turther less likely to stay 1n secondary heat exchanger 4.

Since the constructions 1n FIGS. 10 to 13 are otherwise
substantially the same as the construction of water heater 1
shown 1n FIGS. 1 to 5, the same elements have the same
reference characters allotted and description thereof will not
be repeated.

A construction of a water heater 1n a second embodiment
of the present invention will now be described with refer-
ence to FIGS. 14 and 15. Water heater 1 1n the present
embodiment 1s substantially the same as the water heater 1n
the first embodiment described above except for a drain trap
8 (“drainage water tank 8” 1n the first embodiment) and pipe
10 for drainage water and air. Therefore, the same descrip-
tion will not be repeated and a construction of drain trap 8
and pipe 10 will be described below.

Referring mainly to FIG. 14, drain trap 8 1s a drain trap
which can water-seal a flow path with drainage water and 1t
serves to store drainage water produced in secondary heat
exchanger 4. Drain trap 8 mainly has a bent portion 8a and
a bent portion 8b. Drain trap 8 has one end leading to
secondary heat exchanger 4 through pipe 10 which will be
described later and the other end connected to drainage
water discharge piping 15 communicating with the outside.

Drainage water which has flowed into drain trap 8 from
secondary heat exchanger 4 1s stored from a lower portion of
bent portion 8a. When a water level 1s higher than an upper
end of a flow path located 1n the lower portion of bent
portion 8a, outside air which has entered bent portion 85 of
drain trap 8 from drainage water discharge piping 15 (air
outside water heater 1) cannot flow toward drainage water
discharge pipe 10a through bent portion 8a of drain trap 8.
This water-seal structure of drain trap 8 can prevent entry of
outside air into the inside of water heater 1 through drain
trap 8.

Referring mainly to FIGS. 14 and 15, drainage water
discharge pipe 10a, a drain trap connection pipe 10c, and
three-way pipe joint (pipe connection portion) 104 connect
drain trap 8 and drainage water discharge port 4a ol sec-
ondary heat exchanger 4 to each other. Drainage water
discharge pipe 10a has one end connected to drainage water
discharge port 4a of secondary heat exchanger 4 and the
other end connected to opening portion 10da of three-way
pipe joint 10d. Drain trap connection pipe 10c¢ has one end
connected to opening portion 10dc of three-way pipe joint
104 and the other end connected to drain trap 8.

One end of air passage pipe 105 1s connected to air suction
port Saa of exhaust box 5, and the other end of air passage
pipe 1056 1s connected to opening portion 104b of three-way
pipe joint 10d.

Three-way pipe joint 104 has a merge region 1041 (a
hatched region 1 FIG. §), a flow path 10dal on the side of
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drainage water discharge pipe 10a, a tlow path 10451 on the
side of air passage pipe 10db, and a tlow path 10dc1 on the
side of drain trap connection pipe 10dc. Flow path 10dal on
the side of drainage water discharge pipe 10a 1s a flow path
within three-way pipe joint 104 between merge region 1041
and opening portion 10da. Flow path 104561 on the side of
air passage pipe 105 1s a flow path within three-way pipe
joint 104 between merge region 1041 and opening portion
10d4b. Flow path 10dc1 on the side of drain trap connection
pipe 10c 1s a flow path within three-way pipe joint 10d
between merge region 1041 and opening portion 10dc.

Thus, three-way pipe joint 104 has a flow path allowing
merging of air passage pipe 100 and drainage water dis-
charge pipe 10a (flow path 104561 on the side of the air
passage pipe, tlow path 10dal on the side of the drainage
water discharge pipe, and merge region 1041), and has a
flow path allowing connection of the merged flow path to a
discharge path leading to the outside of water heater 1 (flow
path 10dc1 on the side of drain trap connection pipe 10c¢). In
the present embodiment, the discharge path 1s mainly con-
stituted of drain trap connection pipe 10c¢, drainage water
discharge piping 15, and drain trap 8. Merge region 1041 1s
a region where three tlow paths (flow path 10dal on the side
of drainage water discharge pipe 10a, tlow path 104561 on the
side of air passage pipe 105, and tlow path 10dc1 on the side
of drain trap connection pipe 10¢) merge with one another.

Drainage water discharge pipe 10a, air passage pipe 105,
drain trap connection pipe 10c, and three-way pipe joint 104
constitute pipe 10 for draimnage water and air, which 1is
branched from drain trap 8 and connected to both of sec-
ondary heat exchanger 4 and exhaust box 5.

As shown 1n FIG. 15, 1n three-way pipe joint 104, a height
position C of merge region 1041 1s arranged at a position
lower than a height position B of air suction port 5aa.
Three-way pipe joint 104 1s arranged at such a height
position that a hydraulic head pressure (mm H,O) originat-
ing from a height difference between height position C and
height position B 1s higher than an absolute value F of a
maximum negative pressure (mm H,O) generated at air
suction port Saa.

Here, “height position C of merge region 1041 means a
height position of any lower one of a height position of a
lowermost end of a portion where flow path 10dal on the
side of drainage water discharge pipe 10a 1s connected to
merge region 1041 and a height position of a lowermost end
of a portion where flow path 104b1 on the side of air passage
pipe 1056 1s connected to merge region 1041.

In the present embodiment, as shown 1n FIGS. 14 and 15,
a lower end of tlow path 10dal on the side of drainage water
discharge pipe 10a 1s smaller 1n shortest distance from an
upper end of flow path 10dcl on the side of drain trap
connection pipe 10c¢ (and the lower end of tlow path 10dal
on the side of drainage water discharge pipe 10a coincides
with the upper end of flow path 10dc1 on the side of drain
trap connection pipe 10c¢). Therefore, 1n the present embodi-
ment, the lower end of flow path 10dal on the side of
dramnage water discharge pipe 10a 1s defined as height
position C. “Height position B of air suction port Saa”

means a height position of a lower end of air suction port
daa.

The “upper end” and the “lower end” of each portion of
pipe 10 are defined such that an end portion of which height
position 1s closer to a height position of fan 6 1s defined as
the “upper end” and an end portion farther from the height
position of fan 6 1s defined as the “lower end”. While water
heater 1 has been placed, a lowermost position 1n the vertical
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direction corresponds to the “lower end” and an uppermost
position corresponds to the “upper end”.

Drainage water discharge pipe 10a extends horizontally
or as inclined downward from drainage water discharge port
da to three-way pipe joint 10d4. Thus, drainage water can
smoothly flow from secondary heat exchanger 4 toward
drain trap 8.

A Tunction and eflfect of the water heater in the present
embodiment will now be described 1n comparison with the
comparative example shown in FIG. 7.

In the water heater in the first comparative example
shown 1n FIG. 7, as described above, drainage water 1s less
dischargeable toward drain trap 8 through pipe 10 {for
discharging drainage water and likely to stay in secondary
heat exchanger 4. As described above, 11 drainage water may
run over toward primary heat exchanger 3, overtlow drain-
age water may corrode heat conduction pipe 3a of primary
heat exchanger 3 composed, for example, of copper, or
corrode burner 2 composed, for example, of stainless steel,
or extinguish a tlame of burner 2.

In contrast, according to water heater 1 in the present
embodiment, as shown in FIG. 15, the other end of pipe 10
having one end connected to drain trap 8 1s branched and
connected to both of secondary heat exchanger 4 and
exhaust box 5. Therefore, as described above, discharge of
drainage water toward drain trap 8 through drainage water
discharge pipe 10a 1s facilitated and drainage water 1s less
likely to stay in secondary heat exchanger 4.

As 1 the first embodiment, since air passage pipe 105 1s
connected to exhaust box 5, drainage water 1s less likely to
stay 1n secondary heat exchanger 4.

Since air passage pipe 105 1s connected to exhaust box 3,
a negative pressure 1s generated in merge region 1041 and
flow path 10461 on the side of air passage pipe 10b. This
negative pressure serves as force pulling drainage water
from the merge region toward air suction port 3aa.

Therefore, even though drainage water produced in sec-
ondary heat exchanger 4 1s discharged from drainage water
discharge pipe 10a and reaches merge region 1041, owing to
the negative pressure as above, drainage water cannot flow
toward drain trap connection pipe 10c but may stay in merge
region 1041, tflow path 10451 on the side of air passage pipe
105, and air passage pipe 105, that 1s, a flow path between
height position B and height position C in pipe 10.

In the case above, as drainage water continues to be
discharged from drainage water discharge pipe 10a, an
amount of draimnage water which stays in the flow path
between height position B and height position C increases.
When a level of drainage water which stays (a position of an
upper end) reaches height position B of air suction port 5aa,
drainage water may flow 1nto exhaust box 5 through air
suction port Saa. When a large amount of drainage water 1s
introduced 1nto exhaust box 3, blowing capability of fan 6
may lower or fan 6 may be corroded.

In contrast, according to water heater 1 in the present
embodiment, three-way pipe joint 104 1s arranged at such a
position that height position C 1s lower than height position
B of air suction port 5aa, as shown in FIG. 15. Three-way
pipe joint 104 1s arranged such that a hydraulic head pressure
(mm H,O) origimnating from a height difference between
height position C and height position B 1s higher than
absolute value F of a maximum negative pressure (imm H,O)
generated at air suction port 3aa.

Thus, before a level of drainage water which stays 1n the
flow path 1 pipe 10 between height position B and height
position C reaches height position B of air suction port 5aa,
a hydraulic head pressure of drainage water 1tself becomes
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higher than absolute value F. When a hydraulic head pres-
sure ol drainage water 1tself 1s higher than absolute value F,
drainage water can easily tlow 1nto the flow path on the side
of drain trap connection pipe 10c. Therefore, according to
water heater 1 1n the present embodiment, while flow-1n of
drainage water into exhaust box 5 through air suction port
Saa 1s suppressed, drainage water can readily be discharged
toward drain trap 8 and hence drainage water can smoothly
be discharged to the outside.

In particular, after a water-seal structure of drain trap 8 1s
water-sealed, unlike a state betfore the water-seal structure 1s
water-sealed, there 1s no tlow of air (shown with a hollow
arrow 1n the figure) upward from below in the figure 1n the
flow path 1 pipe 10 between height position B and height
position C shown 1 FIG. 15, and hence discharge of
drainage water 1s further facilitated.

In water heater 1 1n the present embodiment, preferably,
height position C 1s arranged at a position lower than a
height position A of drainage water discharge port 4a such
that a hydraulic head pressure originating from a height
difference between height position C and height position A
1s higher than absolute value F of the maximum negative
pressure generated at air suction port Saa, for the following
reasons. Here, “height position A of drainage water dis-
charge port 4¢”” means a height position of a lower end of
drammage water discharge port 4a.

In water heater 1 before drain trap 8 1s water-sealed,
dramnage water discharged to drainage water discharge pipe
10a through drainage water discharge port 4a may not flow
toward drain trap connection pipe 10c but may stay in flow
path 10dal on the side of drainage water discharge pipe 10a
or drainage water discharge pipe 10q, that 1s, a flow path 1n
pipe 10 between height position A and height position C,
because of generation of a negative pressure also 1n drainage
water discharge pipe 10a. This negative pressure serves as
torce which allows drainage water in the flow path between
height position A and height position C to flow toward
drainage water discharge port 4a.

In the case above, as drainage water continues to flow

through drainage water discharge port 4a, an amount of
dramnage water which stays in the flow path between height
position A and height position C increases. If a level of
drainage water which stays (a position of an upper end)
reaches height position A of drainage water discharge port
da, drainage water may tlow into secondary heat exchanger
4 through drainage water discharge port 4a.
In contrast, when three-way pipe joint 104 1s arranged at
such a position that height position C 1s lower than height
position A and a hydraulic head pressure originating from a
height difference between height position C and height
position A 1s higher than absolute value F of a maximum
negative pressure generated at air suction port Saa, before
the level of drainage water reaches height position A, a
hydraulic head pressure of drainage water which stays in
dramnage water discharge pipe 10a becomes higher than an
absolute value of a maximum negative pressure generated at
drainage water discharge port 4a. This 1s because secondary
heat exchanger 4 1s located upstream of exhaust box S and
an absolute value of a maximum negative pressure generated
at drainage water discharge port 4a 1s lower than absolute
value F of a maximum negative pressure generated at air
suction port Saa.

Thus, before a level of drainage water stored in the flow
path 1 pipe 10 between height position A and height
position C reaches height position A of drainage water
discharge port 4a, a hydraulic head pressure of drainage
water itsell becomes higher than an absolute value of a
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negative pressure generated in drainage water discharge pipe
10a. When a hydraulic head pressure of drainage water itself
1s higher than a negative pressure generated in drainage
water discharge pipe 10a, drainage water can readily flow
into the tlow path on the side of drain trap connection pipe
10c. Theretfore, backflow of drainage water into secondary
heat exchange 4 can be suppressed and hence drainage water
can smoothly be discharged to the outside.

In the case above as well, after the water-seal structure 1s
water-sealed, unlike a state betfore the water-seal structure 1s
water-sealed, there 1s no flow of air upward from below 1n
the figure 1n the tlow path 1n pipe 10 between height position
A and height position C shown i FIG. 15, and hence
discharge of drainage water 1s further facilitated.

A fan discharge pressure 1s normally from 60 mm H,O to
100 mm H,O (588.4 Pa to 980.665 Pa). Theretore, absolute
value F of a maximum negative pressure generated at air
suction port Saa 1s also from 60 mm H,O to 100 mm H,O,
or lower than that. Therefore, a height difference between
height position B and height position C 1s preferably not less
than 60 mm H,O and a height difference between height
position A and height position C 1s also preferably not less
than 60 mm H,O. In consideration of an abnormal condition
of the discharge path, such a height difference 1s further
preferably not less than 100 mm H,O.

The feature that air passage pipe 105 1s desirably con-
nected to a path for tflow of combustion gas from secondary
heat exchanger 4 to fan 6 1s the same as i1n the first
embodiment. For example, as shown in FIG. 16, air passage
pipe 106 may be connected to fan connection portion 356
instead of box main body 3a of exhaust box 5. In this case,
discharge of drainage water from drainage water discharge
pipe 10a 1s further facilitated.

The feature that air passage pipe 105 preferably opens
into region R 1s also the same as in the first embodiment.

Although the present invention has been described and
illustrated 1n detail, 1t 1s clearly understood that the same 1s
by way of illustration and example only and 1s not to be
taken by way of limitation, the scope of the present inven-
tion being interpreted by the terms of the appended claims.

What 1s claimed 1s:

1. A water heater of a latent heat recovery type, capable
of heating water by recovering latent heat of combustion
gas, comprising:

a burner which generates combustion gas;

a heat exchanger which heats water which flows through
inside, through heat exchange with combustion gas
produced 1n the burner;

a fan which suctions combustion gas which has passed
through the heat exchanger and emits combustion gas
to outside of the water heater;

a drainage water discharge pipe which 1s connected to the
heat exchanger and discharges drainage water produced
as a result of recovery of latent heat by the heat
exchanger to the outside of the heat exchanger;

an air passage pipe connected to a path for flow of
combustion gas from the heat exchanger to the fan; and

a pipe connection portion which allows merging of the
drainage water discharge pipe and the air passage pipe
and connection of a merged tlow path to a discharge
path leading to the outside of the water heater,

in the pipe connection portion, a flow path on a side of the
air passage pipe being greater in diameter than a tlow
path on a side of the drainage water discharge pipe and
a tflow path on a side of the discharge path being
decreased in diameter after merging of the tflow path on
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the side of the draimnage water discharge pipe and the
flow path of the air passage pipe, wherein

the air passage pipe 1s a branch path branched from the
path for flow of combustion gas from the heat
exchanger to the fan.

2. The water heater according to claim 1, wherein

in the pipe connection portion, the flow path on the side
of the discharge path extends 1n parallel to the tlow path
on the side of the air passage pipe.

3. The water heater according to claim 1, wherein

in the pipe connection portion, the flow path on the side
of the discharge path extends orthogonal to the flow
path on the side of the drainage water discharge pipe.

4. The water heater according to claim 1, further com-
prising an exhaust box forming at least a part of the path for
flow of combustion gas between the heat exchanger and the
fan, wherein

the air passage pipe 1s connected to the exhaust box.

5. A water heater of a latent heat recovery type, capable
of heating water by recovering latent heat of combustion
gas, comprising:

a burner which generates combustion gas;

a heat exchanger which heats water which tlows through
inside, through heat exchange with combustion gas
produced in the burner;

a fan which suctions combustion gas which has passed
through the heat exchanger and emits combustion gas
to outside of the water heater;

a drainage water discharge pipe connected to a drainage
water discharge port provided 1n the heat exchanger;

an air passage pipe connected to an air suction port
provided 1n a path for flow of combustion gas from the
heat exchanger to the fan; and

a pipe connection portion which has a flow path allowing
merging of the drainage water discharge pipe and the
air passage pipe and connection of the merged tlow
path to a discharge path leading to the outside of the
water heater,

the pipe connection portion being arranged such that a
height position 1n the pipe connection portion where a
flow path on a side of the drainage water discharge pipe
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and a tlow path on a side of the air passage pipe merge
with each other 1s lower than a height position of the air
suction port and a hydraulic head pressure originating
from a height difference between the height position
where merging 1s achueved and the height position of
the air suction port 1s higher than an absolute value of
a maximum negative pressure generated at the air
suction port, wherein

the air passage pipe 1s a branch path branched from the
path for flow of combustion gas from the heat
exchanger to the fan.

6. The water heater according to claim 5, wherein

the pipe connection portion 1s arranged such that the
height position where merging 1s achieved 1s lower than
a height position of the drainage water discharge port
and a hydraulic head pressure originating from a height
difference between the height position where merging
1s achieved and the drainage water discharge port 1s
higher than the absolute value of the maximum nega-
tive pressure generated at the air suction port.

7. The water heater according to claim 3, further com-

prising an exhaust box forming at least a part of the path for
flow of combustion gas between the heat exchanger and the
fan, wherein

the air suction port 1s provided 1n the exhaust box.
8. The water heater according to claim 3, wherein

the pipe connection portion 1s a pipe joint allowing
merging of the drainage water discharge pipe and the
alr passage pipe.

9. The water heater according to claim 3, wherein

the fan includes a blade, a drive source, and a rotation
shaft connecting the blade and the drive source to each
other, and

the air passage pipe opens into a region opposed to a
direction of an axis line of the rotation shait of the blade
in the path for tlow of combustion gas from the heat
exchanger to the fan.
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